ABSTRACT Tests evaluating the host range of Tamarixia radiata (Waterson) (Hymenoptera: Eulophidae), a parasitoid of the pestiferous Asian citrus psyllid, Diaphorina citri Kuwayama (Hemiptera: Liviidae), sourced from the Punjab of Pakistan, were conducted in quarantine at the University of California, Riverside, CA. Seven nontarget psyllid species (Þve native and two selfintroduced species) representing Þve families were exposed to T. radiata under the following three different exposure scenarios: 1) sequential no-choice tests, 2) static no-choice tests, and 3) choice tests. Nontarget species were selected for testing based on the following criteria: 1) taxonomic relatedness to the target, D. citri; 2) native psyllids inhabiting native host plants related to citrus that could release volatiles attractive to T. radiata; 3) native psyllids with a high probability of occurrence in native vegetation surrounding commercial citrus groves that could be encountered by T. radiata emigrating from D. citri-infested citrus orchards; 4) a common native pest psyllid species; and 5) a beneÞcial psyllid attacking a noxious weed. The results of host range testing were unambiguous; T. radiata exhibited a narrow host range and high host speciÞcity, with just one species of nontarget psyllid, the abundant native pest Bactericera cockerelli Sulc, being parasitized at low levels (Ͻ5%). These results suggest that the likelihood of signiÞcant nontarget impacts is low, and the establishment of T. radiata in southern California for the classical biological control of D. citri poses negligible environmental risk.
In August 2008, Asian citrus psyllid, Diaphorina citri Kuwayama (Hemiptera: Liviidae), was detected for the Þrst time in Imperial County and San Diego County in southern California. Initial detections were relatively close to the CaliforniaÐMexico border (Anon 2010) , suggesting that D. citri may have invaded California via northwards dispersal out of Mexico, where D. citri is widely established (Atkins 2010) . ifornia is generally viewed as the most serious threat to CaliforniaÕs multibillion dollar citrus industry because of its capacity to spread a bacterial disease of citrus (Anon 2010) .
D. citri is notorious for its ability to acquire and vector a fastidious phloem-limited bacterium, Candidatus Liberibacter asiaticus Jagoueix, Bové , and Garnier (␣-Proteobacteria) (Jagoueix et al. 1994) , the causative agent of a lethal and incurable citrus disease known as huanglongbing (HLB) or citrus greening (Halbert and Manjunath 2004) . The D. citriÐHLB combination has been particularly destructive in many parts of the world where citrus is produced commercially (Bové 2006) . Impacts have been especially great in Brazil (HLB was Þrst detected in 2004 in the worldÕs largest producer of orange juice (Hodges and Spreen 2012) and Florida (Þrst detection of HLB was in 2005 (Hall and Hentz 2011) , where economic losses to growers attributable to D. citri-vectored HLB have been estimated at ϾUS$1.7 billion, which translates to Ϸ16% reduction in grower revenues (Hodges and Spreen 2012) . In March 2012, HLB was detected for the Þrst time in a single residential citrus tree in Los Angeles County, CA (Leavitt 2012) .
Classical biological control of D. citri has focused primarily on the use of parasitoids that attack the nymphs of this pest. Two parasitoids, Tamarixia radiata (Waterston) (Hymenoptera: Eulophidae) and Diaphorencyrtus aligarhensis (Shafee, Alam, and Agarwal) (Hymenoptera: Encyrtidae), have received the most research attention (Halbert and Manjunath 2004) . T. radiata has been used in several different countries for classical biological control of D. citri with mixed results. On Ré union Island in the Indian Ocean, T. radiata has been credited with providing excellent control of D. citri, which led to improved citrus production (Aubert et al. 1996) . Conversely, studies assessing the efÞcacy of T. radiata against D. citri on larger continental landmasses, in areas such as Florida, indicate that impacts have been modest at best, with parasitism levels often Ͻ10% on average, in commercial citrus production areas (Michaud 2004, Qureshi and . The developmental and reproductive biology and host stage preferences of T. radiata are well understood (Gó mez-Torres et al. 2012) .
The initial reaction to D. citri Þnds in urban areas in California was the commencement of pesticide treatments of infested trees in summer 2011 and to establishment of chemically-treated buffer zones around Þnd sites to control this pest (California Citrus Pest and Disease Prevention Program [CPDPP] 2011). Because D. citri infestations in urban areas in Los Angeles were highly dispersed and often of high densities, the difÞculty of Þnding and treating every infested citrus tree in private gardens with pesticides as part of a D. citri containment and eradication program by the CDFA (CPDPP 2011 , Grafton-Cardwell et al. 2011 , Hill 2012 ) was extraordinarily challenging. It became apparent that this strategy was very costly and unsustainable; with some sites in need of repeat applications at the same time new infestations were being discovered and some homeowners prevented treatment of infested trees.
The U.S. Census Bureau "Selected Housing Characteristics" summary data for 2006Ð2010 indicated the presence of 3,425,736 housing units in Los Angeles County, of which 2,216,170 (or 65%) consisted of 4 housing units or less (http://factÞnder2.census.gov/bkmk/ Assessing host ranges of natural enemies, in particular predators and parasitoids, is a nascent research area in the classical biological of arthropod pests , and this Þeld is growing in importance as greater emphasis is placed on evaluating the safety of imported exotic natural enemies for suppression of invasive pests . The challenges of selecting nontarget species for testing and designing and conducting host range tests in quarantine are complex. There are practical impediments pertaining to limited understanding of the taxonomy, biology, and rearing of candidate species, and how best to select a subset of native species for testing when there are potentially hundreds or thousands of candidate nontarget species that could be evaluated . This latter issue is signiÞcant because a well-developed theoretical framework does not exist for developing criteria that could guide the selection of nontarget species, especially parasitoids, whose biology and behavior may not be constrained by phylogenic relationships between the target and close relatives in the intended receiving range .
Methods for testing the host range of entomophagous natural enemies vary Murray 2004, van Lenteren et al. 2006 ) but they always employ laboratory-based manipulative experimentation to assess attack rates in the presence or absence of target and nontarget species. The results of these experiments require the application of statistical tests so that conclusions about attack rates can be reached with a high level of conÞdence . Work reported here presents the results from mandated host speciÞcity testing of T. radiata in quarantine before its release and establishment in southern California for the classical biological control of D. citri. Three different types of host range evaluation tests, sequential no-choice tests, static long exposure nochoice tests, and static choice tests, were conducted in quarantine with D. citri (target) and seven NTP species. The results of these host range assessment studies are part of this growing body of work in classical arthropod biological control , Andreassen et al. 2009 , Murray et al. 2010 , Mason et al. 2011 , Vieira et al. 2011 ). Hall et al. 2008) . Consequently, well rooted plants in 10-cm-diameter pots were cut back to Ϸ10 Ð15 cm above soil level (UCR soil blend UC-3 formulated for citrus was used) to encourage development of lateral branches. All buds developing from the lower trunk were removed, leaving three to four branches arising from the upper quarter of the main stem. These plants bearing the desired branching pattern were then pruned regularly to induce new ßush on lateral branches. To develop a continuous supply of ßushing plants for D. citri oviposition, sets of preselected plants were pruned on a twice-a-week schedule to ensure adequate numbers of plants with appropriate ßush growth would be ready to be cycled into D. citri rearing cages (see below for caging details). Repeated regular pruning also kept plants to an appropriate size that would Þt into D. citri rearing cages in quarantine. Pruned plants produced new ßush that was appropriate for D. citri egg laying Ϸ10 Ð12 d after pruning in greenhouses maintained at 27 Ϯ 2ЊC, 50 Ϯ 6% relative humidity (RH), and natural day lengths. Plants were watered daily and fertilized with granular slow release fertilizer Osmocote smart release 19:6:12 (The Scotts Company LLC, Marysville, OH) as needed, usually once every 3 mo. Plants exhibiting young feather-ßush suitable for oviposition were transferred at regular intervals from greenhouses to quarantine for D. citri inoculation.
Materials and Methods

Source of
In quarantine, D. citri colonies were maintained under a double caging system, that is a cage within a cage, in accordance with CDFA permit requirements. The smaller internal cage contained D. citri and its host plant. The larger external cage provided additional protection to minimize the likelihood of D. citri escaping from the internal cage. Internal cages were made by gluing two (15 by 15 by 15 cm) highly transparent ÔUÕ shaped acrylic risers (SW Plastics F2191) to form a rectangular (15 by 15 by30 cm L by W by H) box. The rear side of the box was covered with ultraÞne white no-see-um fabric (Skeeta Inc., Bradenton, FL), whereas the front side was Þtted with a nosee-um fabric sleeve to allow access to cage contents. Two to four acrylic cages were contained within the larger external cage, a Bugdorm 2,400 (MegaView Science, Taiwan), that acted as the required second cage in the double-cage set up.
Potted C. volkameriana plants with multiple branches exhibiting feather-ßush were removed from greenhouses for presentation to D. citri adults contained within double cages in quarantine. The top of the pot and the soil surface were covered with a piece of nylon stocking that was tied snuggly around the plant stem. This stocking cover helped minimize emergence of soil-borne fungus gnats (Bradysia sp.) into cages. Mature leaves on C. volkameriana were removed to force D. citri females to Þnd young ßush on which to oviposit.
A maximum of six cages (two each on Monday, Wednesday, and Friday) with C. volkameriana bearing feather-ßush were setup each week for D. citri oviposition in quarantine. D. citri adults (Ϸ15Ð20) were introduced into cages and allowed to oviposit for 2Ð3 d before being transferred to a new cage. Adult D. citri mortality was compensated for by adding new adults from other cages to keep the stocking rate constant at 15Ð20 adults per cage for the 2Ð3 d oviposition period. Plants were watered three times a week.
All D. citri rearing and colony maintenance in quarantine was conducted at 29ЊC, 40% RH, and a photoperiod of 14:10 (L:D) h (light sources used were Sylvania Fluorescent Octron 4100K, Osram Sylvania Inc., Danvers, MA).
NTP Species for Host Specificity Testing. California has a rich native psyllid fauna, with 164 species in 37 genera and four families (Percy et al. 2012) . Because of this large psyllid fauna in California, only a subset of these species could be tested for their suitability as hosts to T. radiata. Consequently, multiple criteria were used for the selection of seven representative NTPs for host speciÞcity testing and follows a "safety Þrst" approach to assess aspects of potential direct impacts for a new entomophagous biological control agent . The Þve selection criteria, selected test species, and geographic origin of test species for use in T. radiata host speciÞcity tests in quarantine are presented in Table 1 . The nymphs of all NTP species were free-living and did not inhabit protective structures (i.e., galls or lerps). Colonies of Þve of these native test species were started from adults collected in the Þeld, or from existing laboratory colonies, and this circumvented contamination issues with native parasitoids that attack nymphs. Euphyllura olivina (Costa) (Liviidae: Euphyllurinae) and Arytainilla spartiophylla (Foerster) (Psyllidae: Psylli-nae), both adventive species, were Þeld collected as nymphs for use in experiments because they lack a known parasitoid fauna in California (Table 1 ). All test psyllids were moved to UCR under the appropriate CDFA-issued permits. Due to high host plant Þdelity, each native psyllid species had to be reared on its native host plant. Potted Rhus ovata Watson and Fremontodendron californicum Coville seedlings were acquired from a local southern California native plant nursery (Mockingbird Nurseries, Riverside, CA). Acacia farnesiana (L.) and Prosopsis glandulosa Torrey were grown under green house conditions from seeds collected from the UCR botanical garden. Egg plant (Solanum melongena L.) seedlings were grown using a commercial variety "Long Purple" (Botanical Interests Inc., BroomÞeld, CO). Olive and Scotch broom plants were reared by CDFA and supplied to UCR on an as-needed basis for experiments. All host plants were maintained in greenhouses at UCR and provided necessary fertilization and water. Plants were pruned when necessary to maintain their size to Þt into cages and to encourage feather-ßush for psyllid oviposition.
NTP colonies on their respective host plants were individually maintained in the laboratory in Bugdorms (model 2120, MegaView Science, Taiwan). Native host plants with young ßush were removed from greenhouses, transported to the laboratory, placed in Bugdorms, and inoculated with 20 Ð30 native adult psyllids speciÞc to that test plant species. New cages with plants were inoculated with psyllids produced in the laboratory as necessary to maintain colonies. Usually, NTP species (the exception here is Bactericera Cockerelli Sulc) laid their eggs on shoot tips and very young leaves. First-and second-instar nymphs preferentially fed on these young tissues. As nymphs matured, they moved downward onto thicker stems where they completed development. In contrast, the native pestiferous B. cockerelli oviposited on the leaf lamina, most commonly along the leaf margin, and nymphs fed along leaf veins.
Test Plant Preparation and Psyllid Transferal to Test Plants. Seeds of Murraya Paniculata (L.), P. glandulosa, A. farnesiana, and Capsicum annuum L. were sown in seed germination ßats containing soil (UCR soil blend UC-3) and organic matter and watered and fertilized as needed. When seedlings developed 2Ð3 true leaves, they were transplanted in Ray Leach Cone-tainers (SC7 Stubby, 3.8 cm in diameter and 114-ml capacity, Stuewe and Sons Inc., Portland, OR). Leaves on transplanted seedlings were removed leaving only the youngest leaves at the plantÕs apex. The soil surface was covered with a white piece of circular foam with netting to reduce fungus gnat emergence and to more easily facilitate the recovery of test insects (i.e., psyllids or T. radiata) that fell from plants for record keeping and fate determination (i.e., alive or dead; Fig. 1 ). For bouquets of plant material used for psyllid presentation to T. radiata, the cone-tainers were replaced with 10.8-cm aqua-pics (Syndicate Sales Inc., Kokomo, IN). Clear plastic vials, 148-ml capacity (Thornton Plastics Co., Salt Lake City, UT), with three 12-mm-diameter holes (two on opposite sides, one on the bottom) covered with ultra-Þne organza mesh, were inverted to Þt on the vial lid that was Þrmly secured around the cone-tainer (Fig. 1, no . 5). This ventilated inverted vial enclosed the test plant infested with test psyllids and conÞned T. radiata with the psyllid species of interest.
D. citri nymphs developing on C. volkameriana reached the Þfth instar (a highly preferred life stage for attack by T. radiata [Skelley and Hoy 2004, Gó mezTorres et al. 2012] ) 10 Ð12 d postoviposition in quarantine at 29 Ϯ 1ЊC and 40 Ϯ 5% RH. NTP species were reared at a lower temperature 25 Ϯ 1ЊC and 40 Ϯ 5% because this improved survivorship rates, and NTPs typically took 3Ð 4 wk to reach the Þfth instar, the developmental stage appropriate for testing.
Five Þfth-instar nymphs were used for trials with female T. radiata. To set up exactly Þve nymphs per test plant, Þfth-instar nymphs on their respective host plants were gently nudged with a Þne hair brush to encourage them to walk. Once mobile, nymphs were lifted off the plant with the brush and transferred onto the test plant. All nymph transfers were carried out in the morning on the test day and left for Ϸ2 hr to settle, feed, and acclimate. This Þfth-instar nymph transfer process had a very high success rate of Ͼ 95%.
Source of T. radiata used in Tests and Host Specificity Test Methods. Adult T. radiata sourced from the Punjab of Pakistan were shipped to the Insectary and Quarantine Facility at UCR under permit (USDAÐ APHIS permit number: P526P-09-02585) at weekly intervals from the Division of Plant Industries, Gainesville, FL, over the period 24 March 2010 to 19 October 2011. Adult parasitoids were allowed to mate and feed on honey for 24 h before use in experiments. At time of testing, a single, mated, naṏve (i.e., no previous exposure to psyllids) female T. radiata Ϸ48 h of age was isolated in a 0.6-ml microcentrifuge tube and then introduced into the inverted ventilated vials. At the end of the prescribed duration of exposure to test psyllids, the vial was opened within an observation cage and the parasitoid was recaptured in the microcentrifuge vial. Each T. radiata female was used only once for choice and no-choice tests. In sequential no-choice tests, the same female was tested four consecutive times.
Sequential No-Choice Tests. No-choice tests followed one of two different sequential exposure programs. In this design test, the Þrst block of T. radiata were exposed to a NTP for a speciÞed exposure period and then immediately to D. citri for a second exposure of the same duration (Table 2 ). In the second block of no-choice sequential testing, T. radiata females were Þrst exposed to D. citri before being moved to NTP. This process for both test blocks of T. radiata was repeated on Day 2 ( Table 2 ). The rationale for this exposure sequence was to determine if the attack rates by T. radiata on D. citri and NTP was inßuenced by Þrst exposure experience of naṏve females.
Static Long Exposure No-Choice Tests. In this design, T. radiata females were set up with either D. citri or NTP and left for 24 h before being removed (Table  2 ). This experimental design was implemented to determine attack rates on NTP when T. radiata was repeatedly encountering NTP and was intended to mimic conditions in nontarget habitat should T. radiata migrate into areas where ACP would be absent but other psyllid species would be present and encounterable for signiÞcant time periods.
Static Choice Tests. Choice tests were conducted whereby T. radiata was exposed to D. citri and NTP simultaneously on their respective host plants and allowed to forage and choose among psyllid species for attack for 4 h ( Table 2) .
Execution of T. radiata Host Specificity Tests in Quarantine.
A single mated adult female T. radiata (Ϸ2Ð3 d of age) was introduced into a test cage for a 4-h exposure period in sequential no-choice (T1, T2) and choice tests (T3) or for 24 h in prolonged exposure (T5) no-choice tests (Table 2) . Naturally occurring mortality of psyllids under prevailing experimental conditions was assessed with control treatments (T4), where test psyllids were set up in an identical manner but were not exposed to T. radiata. Experiments were set up as complete blocks that were repeated over time for 10 replications for each test species and exposure scenario. All experiments were conducted in quarantine at 27ЊC, 40% RH, and a photoperiod of 14:10 (L:D) h.
Sequential Tests (T1 and T2). Female T. radiata were Þrst introduced into either a D. citri cage (T1) or NTP cage (T2). After a 4-h exposure period, the same female was transferred to a new NTP cage (T1) or D. citri cage (T2) that had had no previous T. radiata exposure for a further 4 h. At the end of this 8-h exposure period, females were removed from cages in a ventilated 2-ml O-ring vial provisioned with a droplet of honey and rested overnight for 16 h until the next day. The same test sequences were repeated for these female T. radiata the following day (Table 2) .
Choice Tests (T3). Ventilated inverted vials were removed from cone-tainers to expose test psyllids on their respective host plants. Cone-tainers were then placed inside a screened cage (15 by 15 by 20 cm) and then a test T. radiata female was introduced. After the 4 h exposure time, T. radiata was removed from the test arena and ventilated vials were replaced over each individual test plant to contain experimental psyllids (Table 2) .
Control (T4). One set of Þve D. citri or Þve NTP on their respective host plants in cone-tainers were set up and maintained in a manner identical to that for psyllids exposed to T. radiata. Control psyllids of each test species were not exposed to T. radiata. Control psyllids provided estimates of naturally-occurring mortality that was because of the process of setting up psyllids on seedlings in containers and the subsequent maintenance in quarantine under prevailing standardized rearing conditions to determine developmental fate (i.e., death from unknown causes or development to adult psyllids; Table 2 ).
Prolonged No-Choice Exposure Test (T5). Female T. radiata were exposed to D. citri and NTP nymphs of a single species on their respective host plants for 24 h. After the 24-h exposure period, parasitoids were removed and nymphs were held to determine developmental fate (Table 2) .
Data Recording and Statistical Analyses. All test cages were observed twice to record psyllid developmental outcomes. The Þrst observation was 4 Ð 6 d postexposure to T. radiata and the second observation was 10 Ð12 d postexposure to parasitoids. Records were taken of the number of adult psyllids that successfully emerged, psyllid nymph mortality, and number of T. radiata that emerged from hosts for each treatment.
Psyllid nymph mortality analyses were run using the PROC FREQ in SAS (SAS Institute Inc. 2008, SAS Institute, Cary, NC). FisherÕs exact test (0.05 level of signiÞcance) was used to test the null hypothesis that psyllid nymph mortality in control treatments (i.e., mortality from unknown causes) was independent of nymph mortality in parasitoid exposure treatments (i.e., mortality from unknown causes, host feeding, and parasitism) within each of the NTP treatments or D. citri exposures. FisherÕs exact test was adjusted using the sequential Bonferroni method to control for the experiment-wise error rate to determine signiÞ-cance. For each experiment, P values were Þrst ordered from smallest to largest then compared using ␣/n, ␣/nϪ1, . . . . , ␣ (where n ϭ number of experimental treatment comparisons) to determine if signiÞcant differences existed. Out of seven tested NTP species, T. radiata only parasitized B. cockerelli, the pestiferous native potato psyllid (see Results). To determine if T. radiata exhibited a host preference between D. citri and B. cockerelli, nymph mortality within each treatment pair (i.e., D. citri and B. cockerelli) were compared using FisherÕs exact test. This test was also used to compare nymph mortality within each species (D. citri or B. cockerelli) and whether initial exposure of T. radiata (either to D. citri or B. cockerelli) had any effect on total nymph mortality. Fisher exact test for these analyses was adjusted using the sequential Bonferroni method to control the experiment-wise error rate. For each experiment, P values were Þrst ordered from smallest to largest then compared using ␣/n, ␣/nϪ1, . . . . , ␣ (where n ϭ number of experimental treatment comparisons) to determine if signiÞcant differences existed.
Results
D. citri
Mortality. Mortality of D. citri nymphs due to undetermined causes in control cages averaged 28%, while 72% successfully emerged as adult psyllids. There was no T. radiata emergence in D. citri control treatments indicating no accidental contamination had occurred. D. citri nymph mortality signiÞcantly increased when exposed to T. radiata, irrespective of the method of exposure (choice or no-choice) or duration of exposure (4 h vs. 24 h; all P Յ 0.02; Table  3 ). Across all trials and exposure scenarios parasitism of D. citri by T. radiata averaged 20 Ϯ 2%) and parasitism was observed in 100% of exposure events (Table 3). The extent of nymph mortality (undetermined mortality of nymphs and parasitism) was highest in the prolonged exposure treatment, and ranged from 76 to 100%. Nymph mortality in sequential tests ranged from 71 to 88%, and in choice tests D. citri mortality ranged from 43 to 78% (Fig. 2AÐG) .
Non-Target Psyllid Mortality. B. cockerelli was the only NTP species that was parasitized by T. radiata. In total, 13 adult T. radiata emerged from 298 nymphs (ϭ 4.4% level of parasitism and parasitism was observed across all exposure trials [2Ð 6%] [ Table 3 ]) exposed to T. radiata during these tests (Table 3 ; Fig.  2A ). Total nymph mortality of B. cockerelli under nochoice conditions of exposure to T. radiata was signiÞcantly higher (44 to 58%) than total nymph mortality in the control cages (18%; P Յ 0.01). However, B. cockerelli mortality under choice conditions (26%) was not signiÞcantly different from the control mortality rates (18%; P ϭ 0.47; Table 3 ). In comparison, control D. citri mortality was 34%, which was signiÞ-cantly lower than mortality rates observed in the T. radiata exposure treatments, where it ranged from 64 (choice test) to 100% (prolonged exposure; Table 3 ). Total D. citri mortality in the control cages (34%) was not signiÞcantly different from total B. cockerelli nymph mortality (18%) in the control cages (P ϭ 0.11; Table 3 ). Irrespective of the parasitoid exposure method or duration of exposure, D. citri mortality in each treatment was signiÞcantly higher (64 to 100%) than B. cockerelli mortality (26 to 58%; all P Յ 0.01; Table 4 ).
In sequential tests, whether T. radiata was Þrst exposed to D. citri or B. cockerelli had no signiÞcant effect on the rate of either D. citri (88 vs. 83%; P ϭ 0.42) or B. cockerelli mortality rates (46 vs. 44%; P ϭ 0.78).
E. olivina, an invasive pest that is phylogenetically closest to D. citri among tested psyllid species. E. olivina mortality was low (Յ6%) in all T. radiata exposure treatments and this did not differ signiÞcantly from control mortality (Table 3 ; Fig. 2B ). D. citri control mortality was 20%, which was signiÞcantly lower than nymph mortality observed in choice tests and prolonged exposure experiments (Table 3) .
Diclidophlebia fremontiae (Klyver) was the native California psyllid most closely related to D. citri among tested species. D. fremontiae nymph mortality in control treatments was 32%, which was not signiÞcantly different from mortality recorded for the T. radiata exposure treatments (Table 3 ). For D. citri, control mortality at 24% was signiÞcantly lower than that observed for nymphs in the T. radiata exposed treatments, which ranged from 58 to 85% (Table 3 ; Fig. 2C ).
Calophya californica Schwarz nymph mortality in control cages (31%) was not signiÞcantly different from nymph mortality recorded for T. radiata exposure treatments. Control D. citri nymph mortality was 46%, which was signiÞcantly lower than the ACP nymph mortality in the T. radiata exposure treatments which ranged from 70 (choice test) to 96% (prolonged exposure; Table 3 ; Fig. 2D ).
Heteropsylla texana Crawford control mortality (16%) was not signiÞcantly different when compared with mortality rates recorded for nymphs exposed to T. radiata. D. citri mortality in control treatments was 34%, which was signiÞcantly lower than D. citri nymph mortality in the T. radiata exposure treatments, which ranged from 71 (sequential tests) to 92% (prolonged exposure; Table 3 ; Fig. 2E ).
Heteropsylla sp. nymph mortality in control cages (0%) was not signiÞcantly different from mortality observed in the T. radiata exposure treatments, except for the sequential test, where Heteropsylla sp. nymphs were exposed to T. radiata Þrst. In this instance, nymph mortality was 9%, which differed signiÞcantly from control mortality ( Table 3 ). The biological signiÞcance of this result is uncertain. Control mortality for D. citri nymphs was 20%, which was signiÞcantly lower than nymph mortality in the T. radiata exposure treatments which ranged from 43 (choice test) to 80% (prolonged exposure; Table 3 ; Fig. 2F) .
A. spartiophylla nymph mortality in control treatments (32%) was not signiÞcantly different from nymph mortality in the T. radiata exposure treatments. Control D. citri nymph mortality was 18%, which was signiÞcantly lower than D. citri nymph mortality in the T. radiata exposure treatments, where it ranged from 68 (choice test) to 82% (prolonged exposure; Table 3 ; Fig. 2G ).
Discussion
While a parasitoidÕs host range includes all potential species that can be parasitized, host speciÞcity refers to the relative degree of use by the natural enemy for each species used (Van Driesche and Murray 2004) . In this study, T. radiata exhibited a narrow host range under sequential no-choice, static no-choice, and choice exposure scenarios, attacking two species of test psyllids, D. citri (target) and B. cockerelli (nontarget), when offered seven NTP species; a test range that included Þve native species and two self-introduced species representing Þve psyllid families. A high degree of host speciÞcity was observed for T. radiata, with Ϸ20% parasitism recorded for D. citri versus Ͻ5% for B. cockerelli.
Because D. citri (Liviidae) is in a different family to B. cockerelli (Triozidae), we postulate that parasitism of B. cockerelli nymphs was not the result of phylo- Lenteren et al. 2006) . Host size, in addition to taxonomic afÞnity, has been demonstrated to be an important host selection factor for other parasitoid species subjected to host range assessments under standardized laboratory conditions that removed environmental cues that are normally relevant to host selection (Andreassen et al. 2009 ). The pestiferous olive pysllid, E. olivina (Liviidae), and the native fremontia pysllid, D. fremontiae (Liviidae), were two species tested that were most closely related to D. citri (Liviidae). Neither species was attacked by T. radiata. This suggests that family and tribe level classiÞcations for nontarget species in the receiving range may not be generally useful for predicting host vulnerability to this parasitoid. This result questions the usefulness of selecting the most closely related nontarget species for evaluating the host speciÞcity of T. radiata, and suggests that nymph size and general morphology may be more important indicators of potential hosts. Consequently, in California, T. radiata may attack NTP species that either have similar sizes, morphology, and life history traits to D. citri, and this risk of attack may be more likely when species coexist in a common habitat. For example, solanaceous host plants that support B. cockerelli co-occur with D. citri-infested citrus in urban gardens in southern California, which could provide opportunities for T. radiata to attack B. cockerelli. This possibility should be examined experimentally to determine whether T. radiata will attack B. cockerelli under Þeld conditions. Potential nontarget impacts, should they occur outside of the quarantine laboratory, are difÞcult to predict. If T. radiata attacks NTP species in California, especially native species in native habitats, impacts may be negligible due to possible inferior host quality (demonstrated here for B. cockerelli Ͻ5% parasitism), and competition from speciose resident guilds of specialist native parasitoids (see Percy et al. 2012 for summary of information on California psyllid parasitoids). Additional uncertainty pertains to the inÞltra-tion capacity of T. radiata, and its ability to disperse in sufÞcient numbers widely and deeply enough from urban and commercial citrus to penetrate native ecosystems, especially areas dominated by chaparral (a mixture of native xeric-adapted plants that host native California psyllids) that may border commercial production areas. We are unaware of any records documenting host use other than D. citri by T. radiata in the United States (e.g., Florida [released in 1999 {Qureshi et al. 2009} and Texas] [self-introduced {De Lé on and Sé tamou 2010}]), the Caribbean, Mexico, or Brazil where T. radiata is widespread (De Lé on and Sé tamou 2010). This lack of rearing data for T. radiata from other psyllid species may simply be due to insufÞcient survey work. Hopper (2001) suggests that understanding host range in the source region is one way to help design studies to predict potential host range of a natural enemy before introduction in a new area. However, the host range of T. radiata in its presumed native range (the Indian subcontinent [Waterston 1922 ] and southeast Asia ) is not well documented, but could include at least one other species in addition to D. citri (Euphalarus citri listed by Noyes [2012] is a synonym of D. citri), Psylla hyalina Mathur (Hemiptera: Psyllidae: Psyllinae) in India (Peter et al. 1990 , Noyes 2012 . Records of Trioza erytreae (Del Guerci) (Hemiptera: Triozidae) and Trioza sp. in South Africa as hosts for T. radiata are questionable, and likely a misidentiÞcation of a congeneric species (McDaniel and Moran 1972) . This can be a common problem when developing nontarget species lists for safety testing from literature reviews and museum records (Hoddle 2004, Sands and . Surveys of psyllids for parasitoids in the home range of T. radiata, which at a minimum focus on other species of Diaphorina, could greatly increase our understanding of host breadth for this parasitoid. For example, there are at least two other species of Diaphorina in Pakistan, Diaphorina gymnosporiae Mathur and Diaphorina aegyptiaca Puton (Hodkinson 1986 ); both species are sympatric with D. citri in the Pakistan Punjab, and could be unknown hosts for T. radiata. Similar surveys for nontarget impacts by T. radiata could be conducted in countries where this parasitoid has been introduced, intentionally or not, for biological control of D. citri.
A 60-page Environment Assessment Report based on the results of the studies presented here was submitted for review by USDAÐAPHIS on 15 November 2011. On 7 December 2011, USDAÐAPHIS issued a permit (P526P-11-04159) authorizing the release of T. radiata from quarantine for biological control of D. citri, and on 20 December 2011 the Þrst releases of T. radiata sourced from the Punjab of Pakistan were made (Hoddle 2011) . By November 2013, Ͼ 180,000 T. radiata had been released at Ͼ350 different sites spanning six counties (Imperial, Los Angeles, Orange, Riverside, San Bernardino, and San Diego), mainly in urban areas, and recovery and spread from release sites has been documented (Hoddle 2012a,b) . Studies are currently underway to assess the impact T. radiata is having on D. citri populations in urban areas.
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